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AbstrACt
Introduction Spinal cord injury (SCI) predisposes those 
who suffer from it to physical inactivity and weight gain; 
consequently, death due to cardiovascular diseases 
is more frequent among people with SCI than in the 
general population. The literature documents a consensus 
about an interdisciplinary multimodal approach for the 
prevention and treatment of cardiovascular risk factors 
including overweight and obesity in people with SCI, 
focusing on diet, physical activity (PA) and behavioural 
interventions. This study will investigate implementation of 
recommendations from a recent clinical practice guideline 
for identification and management of cardiometabolic 
risk after SCI through multimodal patient education in a 
subacute clinical setting.
Methods and analysis All patients who are aged 18 
years or older with an SCI within the previous 12 months 
and admitted to highly specialised rehabilitation are 
included, regardless of SCI aetiology or neurological level. 
A primary study designed as a controlled, pragmatic, 
preintervention- postintervention study with 6- month 
follow- up evaluates the effect of the clinical intervention; 
a prospective national cohort study on body mass index 
(BMI) serves as a historical control. The intervention 
consists of a standardised approach to patient education 
about cardiovascular risk factors, PA and a healthy diet 
that begins at the outset of primary SCI rehabilitation and 
is integrated into existing settings and workflows. Outcome 
measures are collected at admission, discharge and 6 
months after discharge and include peak oxygen uptake 
(VO2peak) (primary outcome), BMI, body composition, 
metabolic profile, neurological status, level of functioning, 
depression, quality of life, objective PA (accelerometry), 
self- reported PA, self- assessed PA ability, shared decision 
making, and dietary habits. Test–retest reliability of four 
VO2peak test protocols are investigated, as is test–retest 
reliability of a multisensor accelerometer in a rehabilitation 
setting.
Ethics and dissemination The project is approved 
by the Committees on Health Research Ethics in the 
Capital Region of Denmark on 10 July 2018 (Journal- nr.: 
H-18018325). The principal investigator obtains informed 
consent from all participants. The interventions in the 
project are closely related to existing rehabilitation care, 
and the risk of pain and discomfort is considered modest. 
Any unintended events related to the elements of the 
intervention are reported, according to existing regional 
procedures. Data are stored in a secure web- based 
database (Redcap). The primary study and prospective 
cohort study are registered at  Clinicaltrials. gov. Positive 
and negative results will be submitted to relevant scientific 
journals related to SCI for publication. Important protocol 
modifications are reported to the Committees on Health 
Research Ethics in the Capital Region of Denmark.
trial registration numbers NCT03689023 and 
NCT03369080.
strengths and limitations of this study
 ► The prospective cohort study includes both spinal 
cord injury (SCI) centres in Denmark and the inter-
vention study includes all newly injured people with 
SCI admitted to rehabilitation at the East Denmark 
SCI- centre.
 ► Four predefined protocols for assessing peak ox-
ygen uptake are used due to the heterogeneity of 
functional level in the SCI population.
 ► The preintervention and postintervention study 
is based on a pragmatic real- life approach by in-
cluding existing settings and work flows, which is 
a strength, but consistent implementation of mul-
timodal interventions may be challenging due to 
changes in the clinical setting.
 ► Lack of randomisation is a study limitation.
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IntroduCtIon
The annual incidence of traumatic spinal cord injury 
(SCI) in Denmark is 10–15 per million,1 while non- 
traumatic SCI has accounted for approximately 60% of 
all newly injured patients admitted to the two SCI centres 
in Denmark in recent years. SCI is a life- changing event 
that may affect all bodily functions below the level of 
the lesion, requiring highly specialised interdisciplinary 
rehabilitation aiming at the highest possible level of 
independent functioning and resulting in significant 
costs to affected individuals and society. Rehabilitation at 
the Clinic for Spinal Cord Injuries in Eastern Denmark 
(CSCI) generally includes functional training, strength 
training, cardiovascular exercise and fine motor training 
of the upper extremities. In addition, circulation, respira-
tion, thermoregulation, bowel and bladder function, skin 
integrity, pain and spasticity are continually assessed and 
addressed, and aids are provided to compensate for func-
tional losses, including communication aids and splinting. 
Counselling to address social and economic issues, sexual 
function and psychological issues is provided.
Over the long term, SCI and resulting impairments 
predispose affected individuals to increased cardiovas-
cular risk and premature cardiovascular death; a clinical 
practice guideline addressing cardiometabolic disease 
after SCI was recently published.2 However, targeted 
patient education addressing long- term cardiovascular 
risk, based on individualised face- to- face interaction 
between patients and healthcare professionals and aiming 
at a core clinical outcome, is not systematically integrated 
into early stages of specialised SCI rehabilitation at CSCI, 
even though an opportunity may exist to target the link 
between injury- related immediate impacts on function-
ality and long- term health consequences.3 4 Similarly, 
health promotion education and activities related to 
body mass index (BMI), diet, smoking, alcohol intake 
and physical activity (PA) are not systematically provided, 
and assessment of physical capacity, metabolic profile and 
body composition is not a part of standard care. A system-
atic approach may ensure that all patients at CSCI receive 
information and knowledge related to health promotion 
and the risk of cardiovascular disease, which may support 
patient adaptation and adherence to recommended PA 
and healthy diet.
As a result, cardiovascular risk factors, including weight 
gain and the consequences of an inactive lifestyle during 
and after primary rehabilitation, are the focus of the 
current study.
Course of overweight
The prevalence of overweight in people with SCI is 
conservatively estimated at 66%. Overweight has been 
found to be one of the most common cardiometabolic 
risk factors among people with SCI, increasing the cardio-
vascular risk profile of wheelchair- dependent people with 
paraplegia.5–8 Energy expenditure decreases significantly 
after sustaining a SCI and remains low. Although body 
fat and body weight decrease in the acute injury phase, 
they increase in the subacute phase, and a loss of lean 
body mass in the lower extremities and trunk has been 
observed during the first year after injury.9 BMI increases 
gradually during the first years after discharge from 
primary rehabilitation.10 Obese people with SCI achieve 
a lower level of functioning during primary rehabilitation 
than do those of normal weight.11 Overweight in people 
with SCI is associated with increased risk of depression.12 
Nutritional education delivered by a dietician or lifestyle 
coach has been found promising,13–15 although it is often 
not offered in a clinical setting.16 Increased knowledge 
about weight management among clinicians is recom-
mended, but weight management is often not priori-
tised in rehabilitation settings. Clinicians have called for 
evidence- based knowledge and clinical guidelines.16 17
Impact of PA on health and fitness
In the general population, PA is associated with bene-
ficial effects on diseases contributing to the meta-
bolic syndrome, and its beneficial effect increases 
when it is combined with diet therapy.18 Similar 
effects of PA among people with SCI have been 
described; numerous studies have reported the posi-
tive effects of PA intervention programme in people 
with both acute and chronic SCI on physical capacity, 
strength and functional performance, including the 
effect of exercise interventions on cardiometabolic 
health.19 20 Evidence- based exercise guidelines for 
cardiometabolic health in people with SCI recom-
mend a minimum of 30 min of moderate to vigorous 
aerobic exercise three times weekly to reduce cardio-
vascular risk factors.21 The long- term effect increases 
when PA is combined with behavioural interventions.22 
However, not all people with SCI are able to partici-
pate in PA intervention programme or maintain PA. 
Rates of participation in leisure time PA and in sports 
activities after discharge from primary rehabilitation 
are low among people with SCI.23 24 Intrapersonal 
and extrapersonal factors influence participation in 
PA, including self- efficacy related to being physically 
active.25 PA alone is insufficient to induce weight loss 
in people with SCI.2 Therefore, a broader approach 
to cardiovascular risk reduction may be appropriate, 
and a combination of several interventions is required 
to promote a physically active lifestyle and weight 
loss.26 Examples of key intervention components 
are autonomy in relation to decision- making and 
behavioural interventions comprising goal setting and 
feedback via physical assessments.26 27
Although the separate or combined effects of PA, 
diet and behavioural interventions have been inves-
tigated previously in people with SCI with generally 
positive results, this study will investigate the effect 
of educational and behavioural interventions related 
to PA and diet in a subacute clinical rehabilitation 
setting. The study will investigate implementation 
of recommendations from the recent clinical prac-
tice guideline for identification and management of 
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Figure 1 Timeline for all substudies and used outcome measures. (A) and (B) illustrate the prospective historic control study 
and the intervention study, respectively.
cardiometabolic risk after SCI, including assessments 
of physical capacity, body composition, bodyweight, 
dyslipidaemia and impaired fasting glucose, as well 
as PA and diet.2 Feedback on these assessments and 
goal setting will be part of the patient education deliv-
ered by clinical staff across settings during primary 
rehabilitation.
To the best of our knowledge, only a single study has 
investigated outcomes related to cardiovascular risk 
factors following PA and behavioural interventions during 
subacute inpatient rehabilitation using outcomes related 
to cardiovascular risk factors, but this study only included 
wheelchair users.28 29 The current study will contribute to 
existing knowledge by consecutively enrolling all patients, 
aged 18 years or older, with a new SCI who are admitted to 
CSCI, regardless of mobility status, and by evaluating the 
implementation of evidence- based guidelines for identifi-
cation and management of cardiometabolic risk after SCI 
in a clinical setting.
objectives
This study will investigate the effect of a systematic 
approach to incorporating targeted patient education 
about cardiovascular risk factors, PA and a healthy diet 
early in the primary rehabilitation process, compared 
with a historical control group.
study dEsIgn
The primary study comprises a primary study designed as 
a controlled, pragmatic, preintervention- postintervention 
study with 6 months of follow- up. A prospective national 
cohort study provides a historical control (figure 1).
substudies
BMI is considered a high- risk determinant due to the 
impact of overweight on the cardiovascular risk profile 
and level of functioning among wheelchair- dependent 
people with SCI.5–8 A prospective representative longi-
tudinal survey of BMI conducted before the controlled 
intervention in collaboration with SCI Center of Western 
Denmark serves as a historical control (substudy 1). 
Additional outcome measures will be collected at CSCI 
during the survey period, including measures of PA, 
physical capacity and body composition. Two substudies 
of test–retest reliability of a VO2peak test (substudy 2) 
and a multisensor accelerometer (substudy 3) will be 
performed. VO2peak and accelerometry are considered 
valid methods to measure the effect, amount and intensity 
of PA at discharge from primary SCI rehabilitation. Both 
will be collected repeatedly during the primary study and 
serve as individual motivational components in educa-
tion and communication, as well as outcome measures. Protected by copyright.
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Assessing test–retest reliability of the two procedures is 
essential.
MEthods And AnAlysIs
The Standard Protocol Items: Recommendations for 
Interventional Trials reporting guidelines are used in the 
reporting of the clinical trial.30
Patient involvement
A user panel consisting of six patients (three women and 
three men aged 23–78 years), including both recently 
injured people and those who had been living with SCI 
for some time, was established and involved in the early 
phase of study protocol development. All participants 
were hospitalised at CSCI when they participated in semi-
structured focus group interviews about their perceptions 
of health promotion practices in the clinical setting.31 
The interview focused on both the existing level of infor-
mation about increased risk of overweight and cardio-
vascular disease after SCI and education about diet and 
PA as a way of reducing those risks. Data were analysed 
using constant comparative analysis.32 The user panel 
recommended more information in the early phase of 
rehabilitation about cardiovascular risk, PA and diet and 
more support and guidance about appropriate diet and 
being physically active, which is the primary aim of the 
project. The study results will be disseminated to project 
participants.
Participants and eligibility criteria
Inpatients who are aged 18 years or older, injured with 
SCI within the last 12 months and admitted at CSCI are 
recruited and consecutively included after providing 
informed consent, regardless of SCI aetiology (ie, trau-
matic or non- traumatic), neurological level or complete-
ness (The completeness of the injury is graded according 
to the ASIA Impairment Scale (AIS)). AIS is used to 
determine the degree of motor and sensory function 
below the level of the SCI. A complete or incomplete 
injury is defined as absence or presence of sensory and 
motor function in the most caudal sacral segments. 
A=sensory and motor complete; B=sensory incomplete 
without motor function >3 levels below the motor level 
of injury on both sides of the body; C=motor incomplete, 
with preserved motor function below the level of injury 
and where >50% of the key muscles below the injury level 
have a degree <3 by manual muscle test (MMT); D=motor 
incomplete with preserved motor function below the 
level of injury and where >50% of key muscles below the 
injury level have a degree >3 by MMT; E=normal sensory 
and motor function in all segments. of the lesion). In 
substudy 1, all newly injured people with SCI admitted 
at the SCI Centre of Western Denmark are also included. 
Substudy 1 serves as a historical control group, and the 
intervention in the primary study is part of a new stan-
dard of care. Therefore, randomisation, blinding and 
sample size calculation are not appropriate.
Exclusion criteria for the VO2peak test include motor 
complete SCI (AIS A and B) at cervical (C) four level or 
above and a need for artificial ventilation. Other exclu-
sion criteria are the presence of decubiti, severe spasticity 
or musculoskeletal problems at risk of exacerbation or 
aggravation during testing or preventing completion of 
the test.
Substudy 3 includes a convenience sample of 20 patients 
with the goal of ensuring variation in age, gender, neuro-
logical level and completeness of SCI.
Primary study: a systematic interdisciplinary multi-
modal intervention that facilitates PA, healthy diet and 
maintenance after discharge through strategic patient 
education as part of usual care, with the aim of decreasing 
cardiovascular risk.
This prestudy and poststudy includes all patients 
aged 18 years or older with a new SCI who are admitted 
at CSCI during a period of 12–18 months. The study 
includes follow- up 6 months after discharge from primary 
rehabilitation.
Approximately 70 patients with a new SCI are admitted 
to CSCI annually; but due to expected missing data, 
complete data sets from admission through follow- up 
may be fewer.
Intervention
The intervention is based on recommendations in a 
recently released clinical practice guideline for the iden-
tification and management of cardiometabolic risk after 
SCI and conclusions from a meta- synthesis by Williams et 
al and a systematic review by Greaves et al.2 26 27 A combina-
tion of several interventions is most effective at promoting 
a physically active lifestyle and weight loss after SCI. 
Crucial intervention components are autonomy in rela-
tion to decision- making about PA, support and follow- up 
from healthcare professionals and mentors with SCI, 
information about adapted PA and behavioural inter-
ventions comprising goal setting and feedback from, for 
example, physical tests. Greaves et al recommend group 
sessions, individual sessions and interdisciplinary inter-
ventions in the clinical setting that focus on maintaining 
PA and healthy diet.26
The intervention will be integrated into usual care 
during the project period, and all newly injured patients 
will receive all multimodal components as appropriate 
to individual circumstances, such as level of injury. At 
discharge, the patient will describe adherence to the 
intervention and document participation in targeted 
education elements on a checklist. Similarly, healthcare 
professionals will use a checklist to document adher-
ence to interventions at the start, midpoint and end 
of the study period. Medical records and schedules for 
goal- setting meetings will also be reviewed to monitor 
healthcare professionals’ adherence to the interventions. 
Rehabilitation of the physical level of functioning and 
physical capacity (eg, physiotherapy) will occur as part of 
usual care and is a mandatory core component of highly 
specialised SCI rehabilitation. However, decisions about 
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Figure 2 Timeline illustrated on the pocket card for systematic targeted approaches during primary rehabilitation within 2, 
4 and 6 weeks after admission (AA) and during the last 4 and 2 weeks before discharge (BD) and at follow- up 6 months after 
discharge. BMI, body mass index; DXA, dual- energy X- ray absorptiometry; PA, physical activity; VO2peak, peak oxygen uptake.
PA made by the patient during rehabilitation may be inte-
grated into the rehabilitation programme to achieve his 
or her goals for PA during and after the rehabilitation 
period.
A central part of the intervention is to create a stan-
dardised approach to targeted strategic patient educa-
tion of patients about cardiovascular risk factors, PA and 
a healthy diet by systematising the existing clinical setting 
and treatment interventions.
In the process of reorganising the institutional approach 
to addressing cardiovascular risks, pre- education of inter-
disciplinary healthcare personnel and peers with SCI is 
mandatory to clarify their roles in relation to targeted 
patient education. Pocket cards with evidence- based 
recommendations related to PA, diet and BMI in people 
with SCI are provided to all healthcare professionals and 
peers with SCI and will also illustrate the timeline for 
systematic targeted approaches during primary rehabili-
tation (figure 2).
Patients receive information and instructions about 
PA and healthy diet through patient education based on 
principles that include individualised face- to- face interac-
tion between patients and healthcare professionals while 
working towards a specific health- related outcome.33 The 
interventions begin at the outset of primary SCI reha-
bilitation and are integrated into usual care at predeter-
mined time points (eg, dual- energy X- ray absorptiometry 
(DXA) scan, VO2peak, metabolic profile with feedback 
early after admission to rehabilitation and goal setting 
meetings about PA and diet within 6 weeks after admis-
sion) throughout the entire rehabilitation continuum, 
with the goal of secondary and tertiary cardiovascular 
prevention.
Representatives of all the healthcare professions 
generally carry out education of patients and their rela-
tives in a variety of educational settings,34 35 with a focus 
on clarifying the importance of PA and a healthy diet. 
Patient education involves training sessions36 and feed-
back on physiological outcome measures and tests that 
also serve as motivational tools. Additionally, goal- setting 
meetings, tools for shared decision making26 37 38 and use 
of mentors with SCI are also integrated as components 
supporting decision making about PA and healthy diet. 
BMI and diet are evaluated 3 months after discharge 
in an outpatient setting (see online supplementary 
appendix for a more detailed description of the strategic 
interventions).
All components are offered to patients as a mandatory 
part of the intervention, ensuring that information and 
patient education are provided and decisions about PA 
and healthy diet are made. However, patients individu-
ally determine the extent to which they engage in making 
decisions and setting goals about PA and healthy diet. 
Interdisciplinary healthcare professionals respect the 
decisions and autonomy of patients who choose not to set 
goals or make decisions about PA and healthy diet.
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Several outcome measures used to evaluate the inter-
vention at admission, discharge and at follow- up 6 months 
after discharge are also motivational components of the 
intervention: BMI, body composition measured by DXA, 
physical capacity (VO2peak), PA (Actiheart multisensor 
accelerometer) and blood samples describing metabolic 
profile.
Substudy 1: prospective national survey of BMI among people with 
SCI
This study includes all patients with a new SCI hospital-
ised at CSCI or SCI Centre of Western Denmark during a 
period of 10 months; 100 patients are expected to partic-
ipate. Data on BMI, level of functioning (Spinal Cord 
Injury Independence Measure III (SCIM III)) and neuro-
logical status (International Standards for Neurological 
Classification of SCI (ISNCSCI) are collected at both 
centres. Patients with an SCI within the last 12 months 
who are admitted for rehabilitation several months after 
injury are also included in the prospective survey. Data 
on BMI at the time of injury are collected for all patients 
at admission to primary rehabilitation from the patient’s 
medical record. At CSCI, BMI every 6 weeks, quality of 
life (QoL SCI), depression (Patient Health Question-
naire-2 (PHQ-2)), amount of PA (Leisure Time Phys-
ical Activity Questionnaire for people with Spinal Cord 
Injury (LTPAQ- SCI)) and self- assessed ability to be phys-
ically active (Exercise Self Efficacy Scale (ESES)) will be 
collected at admission, discharge and follow- up 6 months 
after discharge. Measures of physical capacity (VO2peak) 
and body composition (DXA) are also obtained at 
discharge. Data from this substudy serve as a historical 
control for the intervention study.
Substudy 2: test–retest reliability of VO2peak testing
This study includes all patients participating in substudy 
1 who are able to perform the VO2peak test at discharge 
from primary rehabilitation. Patients are randomised to 
a test session of either intrarater or inter- rater reliability. 
Due to the complexity of SCI, four predefined exercise 
protocols are used to reach criteria for VO2peak, defined 
as a respiratory exchange ratio >1.0.39 As a starting point, 
people with an incomplete SCI, as defined by ISNCSCI, 
will use a seated cross- trainer (NuStep T5XR), which 
has software incorporating both a standard and a modi-
fied test protocol. The standard protocol starts at 50 W 
with 25 W incremental increases every 2 min in the first 
three stages, 30 W increments thereafter and 115 steps 
per minute (SPM). The modified protocol starts at 25 
W with 15 W increments every 2 min and 80 SPM. The 
equipment and modified protocol are reliable in people 
with traumatic brain injury and has been validated in 
healthy persons.40 41 In people with an incomplete SCI, 
the equipment is safe and involves a large amount of 
muscle mass.42 People with an ISNCSCI- defined complete 
SCI, very de- conditioned patients or those with an incom-
plete SCI but a poor ISNCSCI lower extremity motor 
score that may hinder reaching VO2peak on the seated 
cross trainer will use an arm- cranking ergometer (SCI FIT 
Pro1). Test protocols used on the SCI FIT ergometer are 
established from the most common protocols for people 
with tetraplegia and paraplegia during rehabilitation 
reported in a recent systematic review.39 The study proto-
cols are designed as stage protocols starting at 5 W with an 
increase every minute of 5 W for people with tetraplegia 
and 10 W for people with paraplegia and 60 revolutions 
per minute.
If predefined criteria for VO2peak are not reached 
during test 1, a more suitable protocol to reach VO2peak 
is chosen for test 2 and will be retested at test 3. However, 
this is not possible if the protocol designed for people 
with tetraplegia is used. The test–retest study takes place 
at discharge, with 48 hours to 5 days between tests occur-
ring at the same time of the day. Participants refrain from 
caffeine, alcohol and intensive physical exercise on the 
day of testing, as well as tobacco smoking 2 hours before 
testing. Bladder emptying occurs immediately before 
testing.
In the intervention study, the four exercise protocols 
are used to ensure that a true VO2peak is reached during 
the rehabilitation process. VO2peak is highly dependent 
on the level and completeness of the SCI and the testing 
equipment; for instance, a patient may be initially tested 
on the protocol designed for people with a complete 
tetraplegia and later tested on the non- modified standard 
protocol in the seated cross trainer due to neurological 
recovery and improvement in functional level.
Substudy 3: test–retest reliability of a multisensor accelerometer
This study includes a convenience sample of 20 patients 
ensuring a representative sample of individuals with para-
plegia and tetraplegia, complete and incomplete SCI, 
age and gender. The equipment used for monitoring the 
amount and intensity of PA consists of sensors registering 
acceleration and heart rate and is placed on the thorax 
of the participant with two surface electrodes. The sensor 
can be dismantled from the thorax without removing the 
adhesive part of the surface electrodes, making it possible 
to easily reattach the sensor and resume monitoring after, 
for example, sleeping or bathing. Data are expressed as 
total and daily PA energy expenditure (kcal/min) and 
the time spent in different activity intensities on the basis 
of metabolic equivalents. The equipment has been previ-
ously used among wheelchair- dependent people with 
SCI, although its reliability in an inpatient setting has not 
been assessed.43 Precision is higher when the equipment 
is calibrated to individual participants using measures 
of energy expenditure and corresponding heart rate 
during rest and during exercise testing, covering a range 
of submaximal and maximal intensities. The equipment 
software uses these data to estimate energy expendi-
ture using branched model equations.44 This method 
will also take into account compromised cardiac sympa-
thetic innervation in individuals with an injury above T6. 
In this study, individual calibration is based on activity 
performed during the VO2peak test (substudy 2), with 
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resting metabolic rate measured before testing for 10 min 
following a rest period of 20 min.45 46 In order to reli-
ably measure total energy expenditure (kcal/min) and 
the amount and intensity of PA patients are instructed 
to wear the equipment for 48 hours. They are informed 
to take off the sensor (not the adhesive part) when 
bathing, but if they experience discomfort or skin irrita-
tion related to the equipment they can as well remove the 
adhesive part of the electrode. If they have impaired or 
absent sensation, they are recommended to take off the 
equipment when sleeping, and to check for skin irritation 
regularly, alternatively asking a nurse for help if they are 
not able to do this themselves. A period of 48 hours with 
sampling epochs every 15 s and a minimum wear- time of 
80% is aimed for, and considered an appropriate wear 
time as described by Nightingale et al.47 However, data 
from recordings with <80% wear time will be analysed as 
well. To ensure comparability, test–retest procedures are 
performed over a period of 2 weeks on identical days of 
the week.
outcome measures
Outcome measures evaluating the intervention comprise 
the following.
Primary outcome
Oxygen uptake is measured as VO2peak during a maximal 
exercise test and is the gold standard for measuring 
aerobic capacity. For people with SCI, several test proto-
cols have been used.36
Secondary outcomes
Objective PA is measured in a subsample of the historical 
control cohort and participants in the intervention study 
with a multisensor device (Actiheart) recording accel-
erations and heart rate. It has been previously used for 
wheelchair users with SCI, and individual calibration is 
important to get the most accurate data.47 Evidence- based 
exercise guidelines for cardiometabolic health in people 
with SCI recommend a minimum of 30 min of moderate 
to vigorous aerobic exercise three times weekly.21
Bodyweight is measured as BMI, which is the most widely 
used outcome measure for body weight in people with 
SCI. BMI is not sensitive enough to distinguish between 
fat mass and lean body mass or overweight in people 
with SCI. Overweight among adults with SCI is defined 
as ≥22 kg/m2.2 48 BMI is already collected as part of usual 
care, and data for BMI every 6 weeks until discharge will 
be included in the project.
Body composition is determined by DXA, which is the 
gold standard for assessing obesity and body composi-
tion. Among adults with SCI, men with >22% body fat and 
women with >35% body fat should be classified as obese.2
Metabolic profile consists of C reactive protein (CRP) as 
a marker for inflammation and lipid profile including 
total cholesterol, triglycerides, high- density lipoprotein 
cholesterol (HDL- C) and low- density lipoprotein choles-
terol (LDL- C), which are included in the international 
SCI Endocrine and Metabolic Function Basic Data Set. 
Triglycerides should not be ≥150 mg/dL (1.7 mmol/L). 
HDL- C should not be <40 mg/dL (1.03 mmol/L) in men 
or <50 mg/dL (1.29 mmol/L) in women.2 LDL- C should 
not be >3.0 mmol/L.49 Haemoglobin A1c (HbA1c) 
serves as a marker for carbohydrate metabolism and is 
included in the International SCI Endocrine and Meta-
bolic Extended Data Set.50 51 Criteria for a diagnosis of 
pre- diabetes include HbA1c 5.7%–6.4% (39–47 mmol/
mol) and criteria for a diagnosis of diabetes include 
HbA1c>6.5% (>48 mmol/mol).2 As approved by the 
Committees on Health Research Ethics in the Capital 
Region of Denmark, blood samples will not be stored 
after analysis.
Blood pressure (BP) is measured by sphygmomanom-
etry. Criteria for a diagnosis of hypertension in people 
with SCI vary with injury level, severity and aetiology. BP 
should not exceed 130/85 mm Hg.
Level of functioning is determined by the SCIM III, which 
is a valid and reliable outcome measure designed to assess 
level of functioning in people with SCI in clinical care 
and research.52–55
Neurological status is determined by the ISNCSCI and is 
the most widely used classification in people with SCI.56 57
Depression is measured by the PHQ-2, which is a generic 
measure of depression. Among people with SCI, a cut- off 
score of 3 is associated with sensitivity of 83.3% and spec-
ificity of 95.7%.58
QoL is measured by the International SCI QoL Basic 
Data Set (QoL SCI), which consists of three questions 
about satisfaction with life in general and physical and 
mental health. It is a valid outcome measure with good 
internal consistency.59 60
Self- reported PA is measured by the LTPAQ- SCI, which is 
a self- administered questionnaire about leisure time PA, 
including amount and intensity during the past 7 days. 
Reliability and validity of self- reported activity are satisfac-
tory in moderate and high intensity levels.61 An additional 
question concerning PA outside of leisure time PA (ie, PA 
as part of rehabilitation) is included in substudy 1. The 
question is designed to be similar to the original ques-
tions and is scored using the same intensity scale. During 
the intervention study, a version of LTPAQ- SCI adjusted 
to a Danish context will be used. This version is approved 
by the developers of the original LTPAQ- SCI and includes 
active transportation and active physiotherapy.
Self- assessed ability to be physically active is measured by the 
ESES for people with SCI. It is an outcome measure devel-
oped for assessing self- efficacy related to PA in people 
with SCI and consists of 10 questions on a 0–4 response 
scale. ESES is reliable with high internal consistency 
(Cronbach’s alpha 0.94) and satisfactory content validity 
in the form of face and construct validity.62
Shared decision making related to patient decision aids for PA 
and healthy diet is measured by the 9- item Shared Deci-
sion Making Questionnaire (SDM- Q-9), which assesses 
the process of shared decision making between health-
care professionals and the patient from the patient’s 
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perspective. SDM- Q-9 consists of nine statements, which 
can be rated on a six- point scale from 0 to 5, with higher 
scores indicating greater shared decision making. All 
items are summed to yield a raw total score of 0–45. SDM 
Q-9 is only used at discharge.
Varied and healthy diet in an appropriate amount is 
measured by the Nordic monitoring of diet, PA and over-
weight (NORMON) developed in a Nordic collaboration 
and commonly used for monitoring.63 The questionnaire 
explores how frequently 16 food indicators, several of 
which are recommended in the Nordic national nutri-
tional recommendations, have been consumed over the 
previous 12 months. NORMON also includes questions 
related to alcohol intake, smoking and PA. The ques-
tionnaire was validated in 2009 against existing question-
naires about diet.64 In this study, a modified version of 
the questionnaire will ask patients to recall their dietary 
habits over the previous month.
statistics
All data collected at admission, discharge and follow- up 
are continuous and are reported descriptively. In the 
intervention study, differences in the primary and 
secondary outcomes between baseline and follow- up 
will be analysed using analysis of covariance. The same 
approach will be used between baseline and follow- up in 
the historic control study. Likewise, differences between 
the intervention study and the historic control is analysed 
using analysis of covariance. Due to the small sample size, 
participants in the intervention study and historic control 
will not be matched but participants will be compared with 
each other controlling for ISNCSCI classification, gender 
and functional level. Linear regression is used to measure 
the strength and association between BMI and DXA 
results and the association between the psychometric vari-
ables, for example, QoL and depression compared with 
VO2peak and BMI. Ordinal regression analysis is made 
for ordinal data, for example, ESES. Missing data are anal-
ysed as intention to treat without imputation, but dropout 
analysis is made for primary outcomes. In substudies 3 
and 4, the reliability of the outcome measures are anal-
ysed by paired t- test, Pearson’s product- moment correla-
tion and coefficient of variation or intraclass correlation 
coefficient between the test–retest sessions.
Ethics and dissemination
During the intervention period, all newly injured patients 
who are admitted for rehabilitation at CSCI are offered 
treatment and tests included in the intervention as a 
mandatory part of usual care to the extent they are able 
to participate, which may vary with the level of lesion and 
completeness of SCI. Because the intervention is a part 
of usual care and comprises a standardised approach to 
patient education, no data monitoring or interim anal-
ysis is planned. Informed consent is obtained to analyse 
the data generated during the project. The intervention 
in the project is closely related with the content of the 
present rehabilitation, and the risk of pain and discomfort 
is considered modest. During the VO2peak test, special 
attention is paid to potential symptoms of autonomic 
dysreflexia (AD) in people with SCI above T5-6. In case 
of AD, the exercise test is stopped and relevant actions 
are initiated. It is assumed that any risks are surpassed by 
therapeutic gains, that is, expected reductions in the risk 
of cardiovascular disease and mortality. Any unintended 
events related to the intervention are reported according 
to existing regional procedures, and compensation 
is covered by the normal procedures for unintended 
harm during hospitalisation. The study is reported to 
the Danish Data Protection Agency and is registered at 
Clinicaltrials. gov (see WHO Trial Registration Data Set 
V.1.3.1) (table 1). Positive and negative results will be 
submitted to relevant scientific journals related to SCI for 
publication.
data statement section
All patient data are stored in a secure web- based database 
(Redcap) with limited access and ID code, to which data 
are transferred directly or by an encrypted USB stick. 
Patients are assigned unique identification numbers, 
which is the only identifier exported from Redcap during 
data analysis. Data are stored until 31 December 2027, 
after which paper material is shredded, data files are 
deleted and the Redcap database is no longer accessible. 
The principal investigator has access to all trial data. Data 
can be accessed on request to the corresponding author 
after reports related to the PhD project are published. No 
data monitoring committee is established.
dIsCussIon
This study will investigate the effectiveness of a systematic 
institutional strategy incorporating individualised patient 
education and testing about cardiovascular risk factors, 
PA and a healthy diet lifestyle early after SCI diagnosis 
during primary rehabilitation, compared with a histor-
ical control group. Our findings will be discussed in light 
of recent studies suggesting that an interdisciplinary 
multimodal approach in prevention of cardiovascular 
risks among people with SCI with a focus on diet, PA 
and behavioural interventions is beneficial.13 14 23 25 65 66 
Crucial components of the intervention are autonomy in 
relation to decision- making and support and follow- up 
from healthcare professionals and mentors with SCI. A 
qualitative meta- synthesis concluded that timely infor-
mation about PA and its benefits in relation to SCI and 
behavioural interventions using goal setting and motiva-
tional feedback through physical tests might be important 
patient- activating tools.27 This is consistent with a recent 
systematic review by Greaves et al,26 who also strongly 
recommended that interventions in the clinical setting 
contain both group sessions and individual sessions as 
well as interdisciplinary interventions that focus on main-
taining PA and healthy diet.26 These elements are incor-
porated into the intervention investigated in this study.
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Table 1 WHO trial registration data set (V.1.3.1)
Data category Information32
Primary registry and trial 
identifying number
ClinicalTrials.gov (NCT03369080) and (NCT03689023)
Date of registration in 
primary registry
12 November 2017 and 26 September 2018
Secondary identifying 
numbers
The Committees on Health Research Ethics in the Capital Region of Denmark on 10 July 2018 (Journal- nr.: 
H-18018325) and the Danish Data Protection Agency (j.nr. VD-2018–380, I- Suite nr.: 6631) and (RH-2017–
345, I- Suite nr.: 06052)
Source(s) of monetary or 
material support
This work was supported by a mutual cooperation about the research programme ‘Centre for Integrated 
Rehabilitation of Cancer Patients (CIRE)—Neuro/Psychology,’ between the University Hospitals Centre for 
Health Care Research, University hospital Copenhagen, Rigshospitalet, University College Copenhagen, 
Department of Nursing and Nutrition, and the NeuroScience Centre, Rigshospitalet
Primary sponsor This work was supported by a mutual cooperation about the research programme ‘Centre for Integrated 
Rehabilitation of Cancer Patients (CIRE)—Neuro/Psychology,’ between the University Hospitals Centre for 
Health Care Research, University hospital Copenhagen, Rigshospitalet, University College Copenhagen, 
Department of Nursing and Nutrition, and the NeuroScience Centre, Rigshospitalet
Secondary sponsor(s)
Contact for public 
queries
Nicolaj Jersild Holm (nicolaj.jersild.holm@regionh.dk), phone: +45 38631963, Rigshospitalet, Neuroscience 
Center, Clinic for Spinal Cord Injuries, Havnevej 25, 3100, Hornbæk, Denmark
Contact for scientific 
queries
Nicolaj Jersild Holm (nicolaj.jersild.holm@regionh.dk), phone: +45 38631963, Rigshospitalet, Neuroscience 
Center, Clinic for Spinal Cord Injuries, Havnevej 25, 3100, Hornbæk, Denmark
Public title Health promotion and cardiovascular risk reduction in people with spinal cord injury—physical activity, 
healthy diet and maintenance after discharge: study protocol for a national cohort study followed by a 
clinical intervention study
Scientific title Health promotion and cardiovascular risk reduction in people with spinal cord injury—physical activity, 
healthy diet and maintenance after discharge: study protocol for a prospective national cohort study 
followed by a preintervention and postintervention study
Countries of recruitment Denmark
Health condition(s) or 
problem(s) studied
Spinal cord Injury and the cardiovascular risk factor, including weight gain and consequences of an inactive 
lifestyle during and after the primary rehabilitation
Intervention(s) A controlled premultimodal and postmultimodal pragmatic clinical intervention study, with 6 months 
of follow- up containing ‘new usual care’ consisting of a uniform and systematic institutional strategy 
incorporating targeted strategic patient education about cardiovascular risk factors, physical activity and a 
healthy diet lifestyle starting early in the primary rehabilitation process
Comparator: a historic control conducted as a national prospective cohort study before ‘new usual care’
Key inclusion and 
exclusion criteria
Inclusion criteria: all patients who are 18 years or older, and with a spinal cord injury (SCI) within the last 
12 months and admitted at clinic for spinal cord SCIs, are included regardless of aetiology to the SCI, 
neurological level or completeness of the lesion if informed consent is retrieved
Exclusion criteria: exclusion criteria for VO2peak test in the study includes motor complete SCI at C4 level 
or above, and assisted ventilatory function. Other exclusion criteria are the presence of decubitus, severe 
spasticity or musculoskeletal problems considered at risk of aggravation during testing or preventing 
completion of the VO2peak test
Study type Interventional: the study consists of a primary study designed as a controlled preclinical and postclinical 
intervention study and a historic control conducted as a prospective cohort study
Allocation: the intervention in the primary study is a part of new standard care. Therefore randomisation or 
blinding is not appropriate
Primary purpose: prevention
Date of first enrolment November 2017
Target sample size 160
Recruitment status Recruiting
Primary outcome(s) Oxygen uptake measured as VO2peak
Key secondary 
outcomes
Body mass index, body composition (determined by dual energy X- ray absorptiometry), metabolic profile 
consisting of C reactive protein as a marker for inflammation, lipid profile describing total cholesterol, 
triglycerides, high- density lipoprotein cholesterol, and low- density lipoprotein cholesterol and haemoglobin 
A1c as a marker for carbohydrate metabolism, and blood pressure
Continued
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Data category Information32
Ethics Review The project is approved by the Committees on Health Research Ethics in the Capital Region of Denmark on 
10.07.2018 (Journal- nr.: H-18018325)
Completion data June 2020
IPD sharing statement Data can be accessed by request to the corresponding author after publications related to the PhD project 
are made
Table 1 Continued
Several of the outcome measures used to evaluate the 
intervention are components of the intervention, as 
recommended in the clinical guideline for identifica-
tion and management of cardiometabolic risk after SCI.2 
Outcome measures also serve as individual motivational 
tools. The primary outcome measure is VO2peak, for 
which a significant positive relationship exists with some 
cardiometabolic markers in people with SCI, such as lipid 
profiles and fasting insulin levels.61 Consequently, PA 
that increases physical capacity may also reduce the risk 
of cardiovascular disease.67 Physical capacity measured 
as VO2peak is positively associated with functional inde-
pendence,68 less physical strain during activities of daily 
living69 and life satisfaction70 among people with SCI, 
although other measures of physical capacity have an 
important and, in some cases, stronger impact on func-
tional independence.68
Among people with SCI, several test protocols have 
been used for assessing VO2peak.36 In this study, four 
exercise protocols make VO2peak testing feasible for 
clinical physiotherapists who, although trained in using 
the testing equipment, are inexperienced in determining 
the appropriate workload during VO2peak testing, which 
is difficult due to the complexity of a SCI. If predefined 
criteria for VO2peak are not reached, a more suitable 
protocol is selected. The protocol and equipment used 
in the study are identical at admission and discharge. If a 
patient’s neurological and functional level has improved 
to the point where a different protocol and equipment 
will more accurately measure VO2peak, an additional test 
at discharge will be performed on a separate day. Data 
from both tests will be evaluated and the new protocol will 
be repeated at follow- up 6 months after discharge. This 
approach to testing VO2peak in a clinical setting has, to 
the best of our knowledge, not been described previously.
Secondary outcome measures include PA. Objective PA 
will be measured by the Actiheart accelerometer, which 
has previously been used for wheelchair users with SCI 
in laboratory and outpatient settings.47 In this study, it 
will be used in an inpatient setting and among people 
with SCI and some ambulatory function, which has not 
been previously described. As a measure of self- reported 
PA, a validated Danish version of the LTPAQ- SCI will be 
used. This version has been adapted to a Danish context 
in close collaboration with the developers of the orig-
inal questionnaire; PA- related active transportation, such 
as hand biking or wheeling to work or school, as well as 
active physiotherapy exercises are included, as both are 
common PA for people with SCI in Denmark.
The primary study is possible due to the average length 
of stay during initial rehabilitation at CSCI, which is 85 
and 86 days, respectively, for people with incomplete tetra-
plegia and paraplegia and 110 and 123 days, respectively, 
for people with complete tetraplegia and paraplegia (Fin 
Biering- Sørensen: Data from Clinic for Spinal Cord Inju-
ries, Denmark, 2014). The study is highly dependent on 
adherence by interdisciplinary healthcare professionals 
and patients to the new intervention. Healthcare profes-
sionals’ adherence to the intervention is both supported 
and measured by a process inspired by a prospective effect 
and process evaluation for complex trials, in which at least 
75% must agree that a specific element of strategic patient 
education has become a part of routine clinical practice 
before it is considered implemented.71 This evaluation 
is repeated every 6–8 weeks throughout the intervention 
period. Similarly, perceived barriers to implementation 
are also evaluated every 6–8 weeks throughout the inter-
vention period. Interdisciplinary coordination meetings 
occurring three times weekly facilitate the implementa-
tion of all interventions.
Patient adherence may be challenging; in one report, 
patients missed an average of 2.5 hours weekly of reha-
bilitation.72 Patient adherence to the intervention is 
described at discharge by the patient, who will docu-
ment participation in targeted education elements using 
a checklist. However, a 2016 study found that the most 
important factor facilitating participation in clinical 
studies was the possibility of learning more about SCI 
and health, which is a clear potential in the intervention 
study.73 A review by Van Wyk et al emphasises that patient 
education is an important part of the interdisciplinary 
rehabilitation of people with SCI and recommend an 
individualised approach and the use of different settings 
in which the patient can receive the education.29
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